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Energy is the basis of human survival and the evolution of civilization. The demand 
for energy and materials is increasing in the modern economy and society, and around 
85% of the world energy and synthetic industries are based on three kinds of flammable 
mineral resources of oil, coal and natural gas. At present, coal utilization is inefficient 
and pollutant emission is serious. This leads to waste of carbon resources and 
environmental pollution. Therefore, it is inevitable to seek the green transformation 
route of efficient and clean utilization of coal to synthetic fuel production. The coal and 
coal-derived liquids are widely selected as energy resources due to the abundant supply. 
However, coal as a high-molecular weight material is composed of aromatic moieties 
connecting with ether or aliphatic linkages. It has ill-defined structures and coals 
reaction leads to large numbers of products even under mild conditions. Coal-derived 
liquids also contain high-molecular weight, S and N moieties. Therefore, the upgrading 
and reforming of coal-derived liquids are needed for the use of clean liquid fuels. 
Syngas (CO+H2), a type of non-petroleum resource, can be produced from coal. It 
is an essential platform to connect the coal and high value-added synthetic fuel products 
as a bridge. Alcohols, aldehydes, carboxylic acids and other compounds can be obtained 
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by hydrogenation of CO. Among them, the technology of methanol synthesis is the most 
mature and has achieved industrialization. In the subsequent study, it was found that the 
addition of alkali metals could promote the growth of carbon chains and form higher 
alcohols. Thus, the synthesis of higher alcohols from syngas has drawn considerable 
interest due to their potential application as a good gasoline additive or alternative 
motor fuel for improving the exhaust emission. Among the higher alcohols, iso-butanol 
is an important clean synthetic fuels and chemical intermediate. Iso-butanol is 
considered to be an effective and clean synthetic fuel for automobiles with a high octane 
rating. The US Environmental Protection Agency (EPA) approved iso-butanol as a 
gasoline additive in 2010. Iso-butanol is also widely studied for producing various 
chemicals, such as plasticizers and pharmaceuticals, etc. Until now, iso-butanol is a 
petroleum-derived product; it is mainly produced through propylene carbonylation with 
high cost. The rapid increase in the consumption of iso-butanol as well as the petroleum 
crisis means that a low-cost and petroleum-free method of manufacturing iso-butanol is 
required. Besides, gasification of biomass or coal to syngas and its subsequent 
conversion to hydrocarbons via the Fischer–Tropsch reaction has been identified as a 
promising process for the production of “green”, high quality transportation fuels. 
Thus, the catalysts as a vital factor in catalytic reaction is necessary to be designed. 
In the thesis, our work is focusing on catalysts design and catalytic reaction process to 
synthetic fuel production. 
In chapter 1, we prepared a Cr/ZnO catalyst by co-precipitation method. This 
Cr/ZnO catalyst, at higher reaction temperature, usually could realize methanol 
synthesis from syngas, also with few iso-butanol as by-product. In order to enhance 
iso-butanol selectivity, we selected some alkali metals, like Li, Na, K and Cs, as 
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promoters to modify the pristine Cr/ZnO catalyst, by which to investigate the effect of 
varied alkali metals or different precursors to Cr/ZnO catalyst in the reaction of 
iso-butanol direct synthesis from syngas. We found that the reducibility of the active 
phase of non-stoichiometric spinel ZnxCr2/3(1-x)O, the crucial species for iso-butanol 
synthesis, was significantly influenced by alkali metals modification, which 
consequently determined in the diverse catalytic performance of alkali metals modified 
catalysts for iso-butanol synthesis. 
In chapter 2, we prepared a series of Zn-Cr based catalysts by different methods 
including combustion method, impregnation method, co-precipitation method and 
fractional precipitation method and investigated their performances for the formation of 
iso-butanol. CO conversion of 25%, alcohol selectivity of 49% and selectivity of 26 % 
for iso-butanol was achieved over the Frac-ZC catalyst. The better performance of 
Frac-ZC catalyst could be explained by smaller zinc oxide particle size, the higher 
proportion of non-stoichiometric Zn-Cr spinel phase and the good synergic effects 
between zinc oxide phase and non-stoichiometric Zn-Cr spinel phase. 
In chapter 3, a hierarchically spherical Co based zeolite catalyst with aggregated 
nanorods structure realized through an in-situ self-assembly crystallization route, was 
designed and evaluated by FTS reaction. As a result, the obtained Co/AN-Z catalyst 
with uniformly sized zeolite microspheres with 0.5-1 μm was evaluated for improved 
Fischer-Tropsch synthesis (FTS) reaction activity and isoparaffin selectivity. The 
selectivities of isoparaffin and C5-11 hydrocarbons were higher with a narrower product 
distribution as well as CH4 and C12+ selectivities were lower on the Co/AN-Z catalyst 




In chapter 4, in order to study the catalytic activity and products selectivity during 
the coal-derived liquids cracking process, 4-(1-naphthylmethyl)bibenzyl (NMBB) has 
been employed as a model compound of coal and coal-derived liquids for further 
upgrading, since it has an intriguing feature of the presence of five different potential 
cleavage sites C-C bonds and several aromatic rings. Water might serve as a cheap and 
environmental H donor, which was more efficient than the supplied H2 in the processing 
of coal-derived liquids upgrading. Meanwhile, sub- and supercritical water could 
provide a homogeneous reaction environment for NMBB cracking as special solvents. 
The NMBB conversion under subcritical water was much higher than that under 
supercritical water. Furthermore, for H2 atmosphere, NMBB conversion was higher than 
that of N2 atmosphere, indicating that the process of in-situ H2 formation from 
subcritical water was more easily.  
In conclusion, various catalysts were successfully designed, synthesized and 
applied to synthetic fuel production. The physical-chemical properties and catalytic 
performances of these efficient catalysts were also studied in different reaction process. 
 
【論文審査の結果の要旨】 
  当学位審査委員会は本論文を詳細に審査し、かつ論文審査会を平成 30 年 8 月 21
日公開で開催し、その発表と質疑応答について審査した。その審査結果を下記のように
まとめる。 







































  上記の内容は国際学術専門誌に原著論文４報として掲載された。 
  当審査委員会は以上を総合的に判断した結果、審査論文は、エネルギー、無機化学
合成、触媒調製、ナノ科学諸分野において、学術的価値のある知見を与えていると判断
し、博士の学位論文として十分な価値を有し、博士の学位を授与するに値する論文であ
ると判定した。 
 
 
